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(54) Title: EXPOSURE DEVICE WITH LASER DEVICE 
= (57) Abstract: An exposure device has a laser device that is 




small, easy to maintain, and capable of producing an output 
that is unlikely to be affected by optical surges occurring 
in the beginning of operation. A single-wavelength laser 
oscillator (11) supplies a laser beam (LB1) to a fiber op- 
tic amplifier (13) through an optical modulator (12). The 
amplified laser beam is split by splitters (14, 16-1 to 16-m), 
amplified by optical amplifier units (18-1 to 18-n) and sup- 
plied through a fiber bundle (19) to a wavelength converter 
(20), which in turn converts the split beams into ultraviolet 
laser radiation (LBS) for use as exposure light. The optical 
modulator (12) outputs light pulses during the generation of 
ultraviolet light. The optical modulator (12) also produces 
laser radiation during the absence of ultraviolet light, but the 
laser radiation has substantially the same average output and 
a considerably low peak compared with that during the gen- 
eration of ultraviolet light. 
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A7Jf tfftLB 4£fi»JA«3 

5 g)^±(D#iim H B ^ILTM^T^§ U-if^L B 5 

T^* mmmm o i0IRtft#i»^^<SiRK:*^Ttt, AWT5 

l/-^LB 5<7>fcti7JfcL AM1-^l/-+f7 1 eLB4(7)ti-^U^;KD8 
10 $ (=2 3 &±<0flS&K:Jfc09*rs. ^t, H6JC*^T, Slft^ 
#t^>(D$P B 1<D Iz-lf^L B 2«b-^7l/^l/LB CWl/T, 
t70lf|i?)U-lf)tLB2roi/^jHA}il/l 0 RTT, ffiUftt 1 
/l 0 0 0 OTOTTfeSfcfe, l/^JHA03tttJ&t*«^ (1/-. 

15 B 5 <D l"<)V\$m£7c£\Z0 ttZZo t£oT> :* >£> $ Pal T ^ 7 <Z) $ 
P^Tfe^n^ (U-if^LB 5) (D&t}\$BWMMK) tteZ* 

$&9jILJi&$C 100kHz (n)]/7.mn 10ms) 0A°;i/A^(-^P 

Bli2 0mW, ¥i^tti^«2 /iWtf^, f CT, ^<&&M£#:*7<B 
IFICMlif 1 2frbffi7j£n&3l*)££>l/^;i/L Ate2 nW, IP 
^LB/ 1 0 0 0 0 tfcZo ::TS, t^PH 1 ? 1 2 0if ACi^i 

25 3 d BT&£i|£, AjUXft<Dt°-7tB#tel OmW, ¥£f£B73«lM 
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0 0 kHzS«^±{3^-r5C<!:JC«fct), ^TS^IS 
ga- 7 h 1 8 - 1 ~ 1 8 - n ^ CD 7^7 7 < A' - tg ig tC&t^TAS E 
(Amplified Spontaneous Emission: gMfcBft) 7 -f XOflt: J: § 

©Ig«©x+->7 1/- (/U7M»a»kHz|g) £|p| 
S«TJ;^i»^(c«, £M<ftJ;5f;:A;|/7 l ^&iSt£^a6, 

)l*r-$:l/l 0 0 0~l/ 1 0 0 0 0g^ll/h$<f5:i^§, 
3>A°7>-3 >^ (1/>X3£) ©JB#r$£lH?£/h£< 

11 (DFB¥*#U-iffc£) 1 2<h^fffl 

+f 1 1 com^J^J^Ucfc^T, PJAtf 1 0-2 0 n s g^CDA^Xtl^ 

7t^b^C0-^CO^^^0ttST> SP^2fs:^jTf«A;i/XitS^l n s (7)A^ 
X^tC^PT-So 7^Pf^ 1 2 C9#.£ffl^TA^77t£:t7<7) 
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;H£-7A • h*-7*0)ft7 7-f A-Jfi|ig§§ 1 3tC{&3&L, 3 5 d B (3 1 

6 2{£) c7)7^S£?T?o Z(Dttn)V7sft\t. t°-^ffi77^6 3W, 
¥£)£ti7J&j6. 3mWi^, ,^ C7)^7 7 < A-J^g^ 1 3 (7) ft 
fr^ fC*I^I£^7 7< AWi4I§§£{£ffl LTUK 

5 ^0flJ&(7)7 1 £7 7<A-J:^I^l 3^iU^7^, X7 0| J7^14f$f 

^*;i/0~3<7)4flS(£>tti7J (*^JTlim=4) iCM^J^f'JT £0 
^■**;K)~30)&tiJ#£, &4&£0)gfc5ft7 T'f A- 1 5 - 1 ~ 
1 5-4tcig»t-rs^ttc<k0, &^7 7 ^ A-^b (Affile: (i, ft 

7 7^/^-fi^^j^LfeiiM0#rBi^^^bn^ o ^Ati*^nfi^!H"rev 

10 ft7 7^A-4 J tf>) 1 i:<7)fc]f}§^£2 x l 0 8 m/sT^tb, 

;KK 1, 2, 3 tC^-n^tlO . lm, 19. 3m, 38. 5m, 57! 
7m©I^©)t7 7^A-l 5-1-1 5-4$ilt§. 

7^ /^-(D&Qr(DmV£o^^ *)lfflOft<Dmte\$9 6 n s t 

15 /t-15-1-15-44, MWK rjIJ£7 7<A-J tPf^o 

^(C, ^-W4*OiiM7 7-f A"-(7)ffi^£, 4i©X7°U-^l 6- 
1-1 6-4T'IIIni (##JTkJ:n = 3 2) <7){ij 7J fCM?"J5xf«J 
7°U y^T^-f*JK)~3 1) L, -B-I14X 3 2|@ (=128i) 
**;W::##Jf 5. fit, §77 S| J y 37 1 6 - 1 ~ 1 6 - 4©ftt^ 

20 ;i/0~3 l(7)aj77^^^0-'i:^^S$co^7 t c j:^7 1 c77<A-- (iiE77 
^/H 17-1-17-32 €tilt, P&f*^* ^il'Ht 3 n 
s<omMl$ffl%5-x.Zo :ni:J;oT, *)l 3 1 <D\h1j\Z\t* 9 3 
nsOWf^^^-btlSo -77, il^b^4^t'O^77 0| J7^ 
16-1-1 6-4f s 1C!J, ^(7)0£ -5 \zm% 7 7-f A'-IZckoT, & 

25 77°U <y *<7)A7J0#,6T&* 9 6 n s ©Mf«Abntt^o £ 
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3 n s <Dmm£fffl&ft'Ort)VX%;M%*>n%, 

<ftft£tl£ U-tf^L B 1 <Dl!M^£&*Lfcil£llit^T{3:£ 1 / 
5 12 8«t-^TfiTtS. lot, IHWl:|l6n5 U«— tfftL B 5 

P?£ttfc/i;i/*ft£|B|i; 100kHz (A;i/XJi$ 10ms) 

lot, l^— tf^fg^a^ftt LTil*^ 1 2 8 /VV*ifi3 n s fflffi 

rm^Ltzm. 9. 6 2 ^ s (Dmmzm.^xfrn^nxmfim'ktzt 
^ymvmvtfi 0 0 kHz-efftons, 

15 fc£*sfeJfiJB«TW:, 1 2 8 £ U JifcIS7 7-f A-£ L 

6 2 m s <Dmf&9tor3\m&±Ct£tfs #S"J&m, n £tijJD£i£3, Xtt 

^t)tTffll/^Ctl:J;0, AJl/XFe1II£^£&#F B 1Pffi<hT£-£fe 

20 pJtlTSS. 

J^±ck 0*^JOX7°U y 37 1 4 , 7t77^fA'-15-l-15-m, 
X7°U >y ^ 1 6-1-1 6 -m, J^'mM^ 7 y < A*- 17-1-1 
7-ntt, LTB#^xfiJ#S (Time Division Multiplexing: TD 

M) ft^ltl^tfeWlt^ttS. ^fllTIS*-© 

25 ^*^Ifg*2ftOX7*>Jy^t«koTifi£LT^*^ 3 
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10 ^ifr^MMT^cfc? Hl/TfeJ; l^o ^— iftS56SU— tf 1 1 

:3T*©/^U;*tt0ffi#gSi£ffi«T£<fc'5 izbXh^K mi (a) 
££>^T, mi©Il7 7'fA'- (^77^^-1 7- 1-1 7-n) 
^@i^L/i^-+f7t«^n^n7 , c^'l'I^->y hl8-l-18-nl!A 
15 JftLT^S^n^o ^^iJOTt^^O.- 7 h 1 8 - 1 ~ 1 8 - n«ft77 
4 A-JlttS&fcATfcO, ttTTIt 7t»-.7M8-ltLT 

fciKa- y h 1 8-2-1 LT&lRl&fc&fflT* £<h^T£3 0 

. 02 te, h 1 8 H©0 2 fttgi|s:i~ 

20 7hl 8«g#ftll 2&<A^n^nx;l/ti»7A • H-7° • )t77^A'- 
m*s3§ (Erbium-Doped Fiber Amplifier : EDFA) e k9fc£ft7 7'f 
/X — 2 2&tf2 5 ^jliltil^tlTl^, fit, lf£@W 
ft 7 7 -f A-*a«S§ 2 2 OpMg&tCte, Mft£;*J >y 7°U > tftZtc® 
(7)&S^I'J#ffi (Wavelength Division Mul t iplexing : WDM) If 

25 (J^T, iWDMifl two) 2 1AM2 1B«$tl, WDM 
If 2 1 ARZS2 1 B(I c fcoT^n^n^^7 , c^iLTCD^4i^U--lf 
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2 3A^b(OKEL 1 it'2 3 B ^ b 0©jgft#, ft 

77-f A-Jgt6S§2 2f3itfrt£frb{&^£ftT^& 0 2J£@c£>ft 
7 7-f A*-nti|SS2 5©j^5SWtCb, ^7 7 C 'J >^ffl©WDMlf 2 1 
C&tf 2 1 D#Jg|5c£n, WDMif 2 1 C&tf 2 1 DCioT^nf 
5 n^^^U— tf 2 3 CS^2 3D^b0li^77<A'-^K2 

5»isaa^e«*&snT^«. bps, ^riw-wis^ 2, 2 5« 
ft7 7-r A*-*tiiiig§2 2,25 f^n^nAWts u-vklb 3 

(^fllTte&fi 1 . 5 4 4 ^m) (7)^g Z^tsmX Ufa 1 . 5 3-1. 

10 5 6 m8£0i£&#0#£Jgi|S , r*. ft 7 7 -T A*-J8ffi& 2 2 , 

2 5(7)Jt#0|5T$)§WDM^ : ?2 1 B iWDMif 2 1 C t<Dffl\Z, & 
^^7^Jl/^2 4 AMMDft£&&ii:T £fc&0)7>f 7 I S 3# 

BBifiSnTViSc if ^7 ^ 2 4 A t bT^#Ii7 ;^ , x\t 
7 7-f A- • 7' 7 y if • ifU — T<< s$ (Fiber Bragg Grating) 

15 T#§ 0 

WHC&^T, HI (a) (7)ft7 7-f A*- 1 7 - 1 ^bOU-f^L 
B3tt, WDMlf 2 1 A^jrLT^c77i' A*-if|g8g2 2 CAMl/T 
JiSSft*. :©}t77< A-JSfig2 2T8i|g£nfcl'--lfftLB 3 
tt, WDMlf 2 1 B, &##7-f Jl/* 2 4 A, 7<7I/-7IS3, 
20 1 C^^LT^7 7 < A — ifiHSg 2 5 tlAMlTHi; 

m^^tl^o ^ittl^ tl7c U — if t^L B 3 \t. WDMm z f-2 1 D^^LT 
HI (a) ©)t7 7 ^ A- • A> FJH 9 ^ifiJct^) 1 *W)t7 7^ A 
- (ft 7 7^ A-iUS^ 5 <D$iltiy&<DM&&'V*& ^) £f£jfT& 0 
2&<D%7 7f A-mt@t&2 2&^'2 5 (I «fc 3£ft<7)^I 
25 ffJ#«-fi»Ji LT^4 6 d B ( 3 9 8 1 0 S) T'&3 0 fit, HI 
(b) ©A7'J77 1 6-1-1 6 -mi^lH^^nStft^HSl 
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(m • nfll) £ 1 2 8{@£LT, *)l<D¥-1%&lJ$:$} 5 O^Wi 

^*)V<DU— tfft^ft^ft^ 6 d BTiSilBt" St, §7feM:i-y 

h 1 8 - i~ i s-n^ew^^nsu-if^w^ui^tt^n^nft 

fc, ^77</t-- /OFJH 9^£&7J$ft3 1/-1«LB4<7)W 
dZLTW:, II (a) <E>X7°'J 7^14, 16-1-16 -mTCDfS 
7^ n-m&Wi2 2, 2 5 ©'>fj;< <h 1 O <Z) *i "Pi £ ± 5 

-««8 2 2Xtf2 5Kcfc3^fim£^ft:£it3-£T\ Ell (a) 

m2<DmJ&m\Z&^T, W7>fi^2 4AH 01 (a) Wt^7 
7<^-*«« 1 3&^E12<7)7 , c7 7i' A-^I^2 2Tfnfn^4 
T3ASE (Amplified Spontanious Emission) 7t£#ybU 
20 1 (a) V>^-\fc&%WLV-*r 1 1 frh\titl2nz> 

ftf <5*><73T&3o ClftlC<fcO, AS E^7&^©:0^77'r^-« | IBS 

$m$7 4 )V$ 2 4 AlS^-Oiiii^fi'l'I^ 1 pmlgt 
25 AS Eft<D&S"l6te&H-nmg&T*&5<DT'» 
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01 (a) <DM-fe&mnu-*f 1 1 ^mti^fi^iMwtc:^ 

<fc£i+3±i£, ^COffi^&:g!C.)£t;T$^$7^;l/7 2 4A^^It§ 
•k^CLTfcJ;^, ^Ottl^^S©p[^iliI (^^-SSTii-^JchLT 
mJj^L/z± 2 0 pmg|) fCJfc Cfz'Mj&fcmm tm&£.&±.) 

S 3 iZX-DTmWttDBWtfi&mZtlZ, v h 1 8tt^iJA«' 

^7^ )V?2 lARtfT^vU-? I S 3^AT§:i^ISL^ 0 

i^S'WDMlf 2 1 D^bl^m$n^)l/-lf7 1 cLB 3 CO-£G£# 

IfftL B 3 CDft&Z^-? U Clco^M^^cOT^'I'Sa- 7 h 1 8T 
li^-f:^§J;oi:, #^i|Si- y h 1 8 K^tSMtM 
if2 3 A- 2 3D) <Dmj]*MWrtl\i*&^o 

izmmm&l. 0 9 9 -1. 10 6/img^©U-^li$^ffllTt) 
cfci^o CI coj; 5 & U — if 7f;^i Ltd DFB Wl/-+ffe§tU^ 
yTfrWA (Yb) • H-7° • 7 A-l/-lW&fflT#5o CI CO 
^I^C0) J ^if|iI^4 J c07 1 c7 7< A'-Jgfigi: Ltd ^-CO&S 
£^&9 9 0 - 1 2 0 0 nmnm<D&&)$L'Vi$m$:ftO'( vtJVWA 
(Yb) • K-7°- %77<n- (YDFA) ^ffflftltfil^ £ CO 

hi (b) (D : fc&&mr>2 o ic&ut, 7fgfe^iu^-rs^ 



.1 i 



rcj/JKUu/uouz 



itiot, F2 U—*?t^n&)\zm-<Dfc%. 1 5 7 ~ 1 5 8 nm(D| 

(M^-^HI 2 (7)^^*13.-^ h 1 8 4 ) <£>7 , 6 7 7i'A-iii|I§§2 5 ) 

fcGQ (5~6Mm) «kDfcJ£V>> iA«2 0-3 0/im(D^-Hg7 

15 §§2 5) £&^TiSiHi^£t#37cS6K te, ^©^^-^77^^-1: 
{^T. 77-f/t-^77 H^-fi«|ji<h^'ofc^y;P ' 7 7 7 F • 
77-fA-^^5^l:Lty^ ^(D7t77-f A-Tte, 370 

J;<^77 0 'J >7*U ajEffl3tS*S&*«fc<ffiffl-rsc:i:*«T?#2». ^ 
©II 777 WftmiZtemi 777 Ktf)£&i8£^/&T5£:#>0)£2 
25 7 7>y h'^W^tltl^. 
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yim^yj-i A*-, f^«'ZBLAN77</t-^ffll^,J:9(:LT 
fccfc^o £(2 7yfl:tl^7 7i'A-Ti;£, S^y'J ^-r H^ftcJflCit 

5 K#g&77^A-:R£&ffi1-5£<!:#T#S. :©7 y {t&&7 7< 
A-«> #£&&f£0ft7 7'f A-*i*g& (gl2 07 l c7 7i'A-^tI§§ 

2 5) tlMffl-f 3C:<£:^Mi; L<> 7 7 -f A-fiOJSIgfcck 0 , A°;i/X 

^07 7^ ^-fcWi^^immji^zx&fcmg^fctfto *mxz> z t 

7tX7i^f h#77> XUlfl:k'777^*'7X (B i 2 O 

3 B 2 Oa ) *itttt«3t77<A-^ ft£5i&Sg:©ft7 7<A- 
15 m&&tLTm\ f *Z&?\ZLTh&^. ZZT\ 7t7>7x^f h^77 

7t77<A-Tlt ^^^(l^±^7t:^ ($Jx.«XJHf7A (Er) , 
3U3:x;Hf7A (Er) i-f7fiVk'7A (Yb) <hCD^75) £37tc 
^fiP (K-7°) TZZttfrt, P-<D7fc^^£#5fc#>K:iftM£7 

7< A-S75^*(7)^U^^777 l £7 7i'/t-C7)l/l OOggt&S. 

20 iftt:'X7X^^7X7t77i'A-Tlt TOyU*^7^t 

ft^T, X^t:7A ( E r ) co h*-7°*£ 1 0 0 <&@i£ J^U^f 6 Z t 

££3T\ Hljj£<D«fc7i::xfiflfjg07 7y K£8oft7 7^A-«iB 
§§(7)fll77&S<hLT 1 . 5 1-1. 5 9ymfflt5^l:H K — 
25 7°f 3<xT>£LTx;Hf 7 A (E r ) IZtojLj y rfrW A (Yb) 
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15- 9 7 5 nmttjfileJT^oT&rA :©iSWfi"e§^^5fS 
il^^^J#^i 5 I^W-i i ^^l/-^^^S^fiJ^M (WDM) [Cck^lS^ 
5 £-ttTm 1 ? 7 y h'C* y 7°U >^T3 £ £T\ ^<2*t$C 

10 B) Ttt* mMO^S^4ott§7 1 c77-1'A^-^^§§OflJt#^7^^<^§ 

iidCtB^^S (19 3-194 nm) &«>0£ft gfi£ 

5 4 8 MmTfim*^#<ft:*«R*a^^«!:*«aSb^. 
15 L^Lft^<b, illfffl 7 7< A-T^^^^f'J#S^®lf <T>1t$>. 1. 

TJ^^^A^'J >£ y'J^77< rt-\zn • F-7°T£^&7^ 
20 ffl^bn§. Z\(Dfz.ZbZ\(Dm<D7 y( A-Tte, 1. 5 4 8 ^m"C^T 
Uf«t<&b^l\ K-7"7C&G>7;l'S- , 7Ate* 1. 

5 5 j tun^jfiOt°-7^S^fi#JH'>7 h£i±> U >ttJSSMfl»C->7 
h^^SM^^^o f ot, 1. 5 4 7 MmMT*iH#£*#<T& 

fc#>n«> '>*©u h*-7 , rn««fc^. Ensue, w^tfx^e^A 

25 ^yx^k'tf A<h£#ll K-7" (□ • K-7°) Lfca7^^«i 
S§ffl7 7< A'- (mZltewy?)), • 77>y H • H7077</t-) 
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u7\Z'J>m<DV>*:toZ.ZZ.t\Z&r)* 1. 547 

S$M^2 0£^U Z.(Dm3 (a) fcfc^T, ^7 7^A'--A' 
>H;H 9<DtUa«l 9 a (iS^LT^Sntl^) ^^* snfc 

5g£fc£DS*fc<D2f&©fflift*2£«> (tSttl/2© 7 7 2 nm) 0 

o 3i:AMb> ::T^t/2^«i:^, A»« 

02 §, BP-&S*«K:*tU4f&©fflS[ft4£i) (tSSl/4(D 3 8 6 n 
m) 4^4fSS«t5. ^Ufc4fSttICU>X5 0 6 ^ 
UT3^@CD#^^7t#f>5 S s B 5 0 4£ift*> :iT'W2^i» 

8f*ift (ftfittl/8fl)l 9 3nm) #3S£-fS. ^8MW© 
^f^LB 5 tbtWUlSnS. BP 5, COti^f?'JTii> S*« (fc 
SI . 5 4 4 wm)-2«» (ftft7 7 2 nm) -^4fll« 3 8 6 

nm) -»8f&fe 9 3 nm) ©M^&^ft^frfrttS. 

2M^|i&}TM«^5 0 2l:ttLiB 3 0 3 (LBO) 

iB 3 o.-> (lbo) isa*. 4imp^s{m^mm^no$mm 

3t^JSS 5 0 4tC«S r 2 Be 2 B 2 Or (SBBO) *gffi££JI?-ra. 
Z\Z\X\ L b oe e B B $iffl t fcl^S^ b 2 {^^©lii:ft 
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Wk(Dtz&<n\Zm^\ZL BOfaik<DUmmmilz£Z>4mR&ffiM£ (No 
n-Critical Phase Matching: N C P M) £^fflf£o NCPM(t M 
^^^^ B B H |^T(DS*^ch^-fi^^<h©r0l^^itT'nT$)^ rwalk-o 
ffj ^:bft^f;^ *»*T2ft«['>©«lft*Rlll6teL, 
5 Lrc 2^^«Walk-off[lJ;§^-AO^^t)^^7 t j:Ufc56W^JTS)§o 
1218 (a) \Z&^T> t£ 7 7 -f A- • A> H JH 9 t$mi&9t 
m£M> 5 0 2 U-^KLB 4(DANW%:m$bZ>tzSb\znyt 

u>x%m-f&zttfm&L^o zomz, %77<n- • a>f;h 

0 0 MmSSTfeSfcfe, ^77-fA-SC 1 Qi%M&<Di%m<DWb 

15 03 (b) tt2^KWft56^i:ln«R5B4i:&a*^*)*T8 

M^#^^t^^§tMM2 0A^l, :©03 (b) fcfc 
l^T, ^77-fA- • A> K;H 9<?!)tH^Sjl 9 a^bMtH^nfe^M 
1. 5 4 4ymOU-^LB4 L B Of£H<fc 0 & D ± 

i2<&NCPMT$«P£ttT^5 1 & B ^UWitm^ 5 0 7 £AttU 

ft, #£it*MBftl#l&Ti£:g$g (^J^«'l/2il«) 5 0 8 £j§^L 

*Sd:2fff»tttfnfnU>X5 0 9 £i!oT2l£@0#lf^7t^f£ 
25 H5 1 0 fCAIit^o 

#*EM£#*Sa5 1 0TI1 1 gm<0?MiH?ft¥teil5 0 7 
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fz2i$mt> &&2n?\zmj&\siz&*&bfr$ftm&f&&\z.&Q 3{§ 

l||©«im a a B 5 0 7 (LBOfSH) tttilS^ftftiNCP 

M-cffifflsn*. 5 1 0Tf#&nfc3ftifc£, smssi 

SISftT, ^^n-fyj' - 57-51 lTSlf$nfc3l^(t 5 7 
-M 1 TRlt^ni/>X'5 1 3^IoT3t@©3-BaB 2 (B 
BO) J|gJl.fcDfca#*UBtt¥Jgll5 1 4\ZAM-TZ>o ::T3ftR*« 

ISH5 1 4^enfc6M i bl/>X5 1 b^lt^^'fy^ • S 
7-5 1 6£A*tU ^rT?-t©2ffiffti:6f&ja[i:ttra«lK:^SnT 
4^@C0BBO^ H B B J;^^§#^^7 1 e^^ a 15 1 7l:Altt§o #*SJB 
15 ^^a H B 5 1 7T«, 6fg$cb 2m$LtfrP>%\mfc%&\Z& 0 8 

(tfil93nm) £l#3o :©8Mttf^U-^LB 5 tit 

wtasns. 4&s©«^7^fsii5 i 7 tit, bbo?>s 0 b b 

CDftfrO^C s L i B 6 O.o (CLBO) f£,f H £ffl ^£ d t fe oJf£Tfe 
§ 0 :©^»2 0AT11 S« (III. 5 4 4 /im) 2 
20 & (tI 7 7 2 nm) -3^^ (7&:B 5 1 5 nm) ^6{g$ (&ft2 5 
7nm) -8{&& (Iftl93nm) WfliMft^^TfrftT ^5. 
d (D J: 5 £ 6 ft& £ 2 teifc £ <z>-£##ttttfc&aio T 4 i£ g <&#J& 

M^g B B B 5 1 7i:AWt5iBicTit 6^^<h 2{%mtz j tn?n4 

mEKDmrnX^faihS 1 TfcHftLTAttS-tfSl^XS 15,51 
«7t^lSai5 1 4T5££Lfc6f&iim*<DBfrfflJ&## rwalk-offj 51 
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JU^. *dT*WO«k9t, U>X5 15, 5 1 2 £&J* ©ftBfcfi 
HT S £ £ £ «k 0 * W^L«U>X5 1 5 t LT ~> U > H U >Xft 

dCDfctf), 4^g(7)#^^7 , c^l£ B B H ( B B O In Is ) 5 17TCD 
2{g&«h0)m&i9 3&£tgfln£itT, ^&'3&*P£ii5#>5 d <!:#nj 

7t©IBOiJi£tt0 3 (b) kHR&ns&OTttfc^ 4ggO» 
10 ft¥*SJ&5 1 7»C6ffif«t2»&i:^lR|I^CAW-rScfc5H, 6ft«t." 

£lr>. W^.«2g:Ba)#»^^«gft5 l 0 £E--tt*i±K:3glL 

IRt;4SS<0*«M*ISi5 14, 5 17^Eil> 3SIO» 
|^ 0 B B 5 1 4T3§t©^52^li^4fa i 3 6fg$Kl«L 
15 T, KM»Sn^^2IS«[t*C4aS©**^3t-¥»S5 1 7KA 

ffl V> £ < & S o d n <E> tt^ jZE CO m 4 <Z)#Sj5fc0!IT & R EST & £ . 

Jfc, B3 (a> RlMb) fcwLfc&ftSE»»2 0, 2 0Al:oi» 
T^n^n&^-VT^l/^7ci9CD8^^ 1 9 3 nm) (7)¥£)ffi^£ 

3=-**;K0ffi2>*ffiT, k°-£ • A°7-2 0 kW, /UXlln.s, 
XiDILHS^lOOkHz, &tf¥£JtB?J 2 1^1. 
&3 L **;i^fcO<B8f&fc0¥^aj#W:, H3 (a) <D&g&BIB&2 0 
TB2 2 9mW, 03 (b) 2 0 ATtt 3 8 . 3mWT& 

&^^SIS8 2-0"rtt2 .9W, &ggftSB2 0 ATfi4. .9W<haO, fa 



WO 01/20398 



Fd/jruo/uojuz 



F 2 I/- if (ei57nm) tgff^-W»fiO»M*S 
Sfcfe^ifeS^Sl^o^lJsJc^JHotUiwrs. 31<DJ®£K te> ill (a) 

milt, fc££tJlBB2 0 tbX 1 Oft»0B££fT5a«3fcft»££ 

Ei4 (a) \t, 2$tntm&#&tmmtiLf&±t&tifrGt>itx i oft 

i^i5:d:^t§^MM2 0B€gl, I©@4 (a) 
10 T, #7 7^ A*- • A*>h*;H 9©tB^«8l 9 a^&fffiStlfc&fil. 
5 7 /zmCDl/-lf7tLB4(7)S*^«, LBO££HckD&& lgSW* 
«7^f£ B H B 6 0 2 £A3f U 2&»Wift3S£K:£D 2»»K:«Jj|Sn 
So £<Z)2{g&kL l/>X6 0 3 $iriTLBOiD/i5^2C» 
7^I£ b b b6 0 4(CAl*LT, 2^ii^4taS4MCfI$tl, 
15 -TO2«©£i;T?gi®T3o 

#H^7fc#*Sil6 0 4£@i®Lfc4{g&W2{g&te, ^-f 7nKy 
0 • 5^- 6 0 5 (CfartH^ y< £ D-f 7 $ • * 7- 6 0 5 T'fcMZtl 

z Be 2 B 2 Ot (SB BO) ISHcfc 0 fc^M&^^ISil 6 0 9 \Z A 
20 IfLT, 2&«P£5e£K:<fc?> 8ft»l:«ttSn5. ^7n< 
^•^7- 6 0 5 £Mi&Lfc2{£&tel/>X6 0 6M57-M2^ 
it^^D<^ • ^7-6 0 7l:AI1b, IE *Sgfl2 7^^116 0 9 T 
H^nfc8M ; bl/>X6 1 0^iTy^D<7^ • = 7-6 0 71: 
At* U - d T^<7) 2 <h 8 tfcmmzSmzriT 4&&<DSB 
25 BOfS B B B( t0&5WmS6 1 ICAStL, :iT8Mt2lS 
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i 

m^2 0 Btit 1 • 5 7 iim) - 2 (&&7 8 5 n 

m) (SI 3 9 2. 5 nm) -»8M (&S 1 9 6. 2 5 nm) 

5 F 2 U — +f (SSl5 7nm) £ S^-^CD^T^ttS 

fcfcKtt, ill (a) ©¥-«[ft56SU— tf 1 1 £*3HT3e£fS** 
&<D&S«r 1 . 0 9 9 um<hLT, Rftg»S&2 0 £ LT 7 ffififc03B£ 

|4 (b) tt, 2^KW«»±<i:lP««564<!:&ia*^t>-a-T7f»ife 
10 u t^tf 5 tfif M 2 0 C d<Z)0 4 (b) (C43^T, 

7^7 7 -f A- • A> H;H 9 (Dffi7J« 1 9 a b ft US £ ftfc&fi 1 . 0 
9 9 jimOU— tfftLB 4 tt, 1 lit ill <73 

*MftHM£¥ISft7 0 2i:AStl, ZZT(D2&Mm®.m±lZ&K> 2f£& 

15 #fc!ti|*«ftttlBTft£« (fl*.tfl/2ftlHR) 7 0 3 £3§ilUT> 
0 4?r^LTLBOlS B S Hct0^^m2(D#Nt^7 , e^^ B B H 7 0 5(CAftU 

20 #»7£^Jb7 0 5 ^b^4$tl5 2\%Wit Zfefatfe?^ 70-f 

>7-7o 6t^^n, z. z. zmmLtz. 3 izmzi' > x 7 o 7 

7-M2 ^ixy^f ^D'fv^ -$7-7 0 8 CXlftS. -77, 
^yD-f77 '$ 7- 7 0 6 TKft^nfc 2 {g^te, $ 7-M 1 
I/>X7 0 9£il7TS BBOfa^£Vfc%W,3(D4mfttK¥'&M } 7 1 
25 OdAftU 2&Mmfc¥£$i\z£K> 4{g&(C«£n£o C(7)4{§^«, 
|/>X7 1 1 ^IT^W 7 D-f y 0 • $ 7- 7 0 8 CAM U ^< ? □ 
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^^.$7-70 8Tmwz&j£zntz3m&%.zf4femz* sbb 

5g£KJ;0 7{g& (SSI 5 7 nm) (C&lfcSnS. :©7MW 
CO 1/ — if 5t L B 5 tbTl^tHS^lSo SP*>> HOflfJBftWTte, S« 
5 1 • 0 9 9 wm) ($cfi5 4 9. 5 nm)-3M (t 

§3 6 6. 3 nm) -4|gt (^S2 7 4. 8 nm)-7M 
5 7nm) (DM\Z : {fcm%mznZ> „ 

&s«3&2 o~2o c uftizbimMytmsihzm* 

±IB<7)^JS©^llTtt, ill (a) «k 3 fcml&On 

M8-1-1 8 - n(D&ti<D£j$,yi*-'-D<D%i&%: 

15 ' fi (m' tt2|^±<Z)fi») ©tS^II^fflll^ m "Ha ~ 

y h 1 8 - 1-1 8-n(Z)a^£n' ifom' fiO^-^fcftttT 
(n-m=n' • m' ) , &#)V-7°m\Z 1 ^©^IIMttMl 
£fr^> #enfcm' IS (^TtetfJAtfm' = 4Xte5#) (D&flft 

^CBOfSH, (CsBa 05 ) , Ege^KUf-^A (L i 2 B4 Cb ) , 
KAB (K 2 A 1 2 Ba Or ) , XSGdYCOB (Gd. Yi-» Ca 
4 O (BOa) alf^'^fflUTfei^o 
±IBW^^(7)^^©^^7 1 E;^^SE(3=fcnS\ El (a) C)%7 7 < 
25 A*- • A> K;i/ 1 9 WtH^vi(7)iSfI^^5 1 ^T>^^^t)-&Tfe 2 mmU 



WO 01/20398 FCIAHWUOJM 

* 

39 

^/t-*«iuT^5fcft, Macaw, I'-tf. 

5 >A?K ^of-il-e^D/i^^^fi^ k-U>X©(£^«^U 

±.mo)mm(Dmmr\t, mi (a) ©raif 1 2ic*^r, 

10 2 2, 2 5 C*^T^"tJ--^©584^l»±SnT, ^ftft&tfS/fcbfcL 
#1 O^lTlSKttl 0 OfgJ^WAjl/XT^ftTjLT&^o • 

(a) W*«©»ffil:^LT#-iS[fi5BSU- If 1 1 

25 1 1^6Hl*$tlfc^l. 5 4 4 /im Cltt£Ai <ht§) <7)I/-1f 
ftLBlte, 7*c7 7-f A'- 5 3 A^^LTi^fi^f'J^M (Wavelength D 
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ivision Multiplexing) %=f (WDMlf ) 5 2CA*fl, Wh%Ut. 

\^T(D¥mfcu-*f 5 1 ^b^m^nrc^^A , ^imsKSA2 <d 

L> WDMlf 5 2T^7 7°U > 7* $ tlfc 1/ -^%\$% 7 7 -f A- 5 3 

5 c^ltfflif i2i:AMt5o fix, %-$.m%^ 1 2TA°;U 

2^t 1 c7 7< A-I^gf§l 3(:AHITI^. 

§§13, R^^^^Tt^tl^--^ M8-1-18- n^0^77<A 
10 -ii#S^2 2, 2 5 rmM^mr^mm^r\ frO&ft^M2 0 

tLTA r FI^yYi/-^ mm 1 9 3 nm) t mm-fe&Vft 
Z%£.tZ>m£iZmi£tZ>£, %^7< A-igl@S3l 3, 2 2, 2 5T 
JfiBW$&&5#«*n. 5 3-1. 5 6 AimggfT'&SfcgK I/ — if 
15 ^LBR(Z)^fiA 2 ft, m^\£mi. 53/imXHl. 5 6Mmi^l: 

fit, ^m~ctemi (D&m^mtLT, is (a) , (t>) iz^t 

J;5l: t ^T^tti^bft^^ (OFF) ©JWMfcttU— ifftLB 1 
fcffiffLT. tf3tLBR*»tt»3t$-fr, fcb * f * * > 

20 (ON) OKBWHttl/— If^fiLB 1 £3^583tS#TU-1fftLBR£ 
*8fl"t5. IP*), **«l^-f)tLB 1 chMffl^-^L B R <h£ 
3M&*@Tf£7 J c£i±£o ^nch^fc. F7<A3^b7«lMT 1 2\Zi% 

25 T^fiirl 2^bliiA$n§U-f^LB2il 0 8 ( d ) \Z^t X 
O \Z. ir>(DM?3lZlZmfc%k 1 0 0 k H z m&<D¥-9 l/^JUBT^ 
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©ii&tt (ifiAii ) <h^5. :©I^(01/^H Att, 0IJ 
(D$P B 1ch:t7<D$PBl£-m£#L < &5 J: 7 icigjtsnxus. -tin 

*#imifg2(7){£ffl7?r££bT, [19 (a) , (b) Id^-fJ: 

vi 2 (igijit ^) 19 (c) \z^t^o\znm^)vxmzm^.t 

09 (d) (I^-Tck7^, *><DMm\z\m$ (d) 0*££EI*<Dfl 

;i/X^J (ma, ) tfto, ^7C7)^r B ^-feiH]ti(7)/N 0 ;i/7^j (tSA 2 ") 

H 7 (DUM^ff^J-ets:, %%m%=f- 1 2 ODA^HIHlWDMIjt^ 
5 2 £IE!LT^<5/^ HI 1 1 (I^T=k7(I, t^I^S^ 1 2 ©ffi^SP 
CWDMlf 5 2 £iEJtbT, ft^W^? 1 2 b <Dfc& A , 
25 ftLBM£*S8bfflO)¥*#l'--!f 5 l^b^&fiA, Wl/-^LBR 
t^WDMlf 5 2T^77'J >7*LT\ t# b nfc I'— tftt L B 2 £ft 
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77</t-«i 3 izm&t&^otiTb&^o mi Komi&wz 

&^Xb, *-i£fi3fcfil'— tf 1 !f3tLB 1 il/— tf^L 

BR<h£&&*BT^£i+3:i tlCcfcoT, ft 7 7 -f A-EBS&fcfctt 

HI 1 0 &;*:0iJ<Z)gg&£^U ^COH 1 0 KiSl^T, ¥-}£fi^3H-- 
10 ifl 1 frSWflSft&Rftl. 5 4 4 jamOU— tfftLB 1 (Cftfci* 

l^lf 5 5£AWU tt«iftiE£UT©¥*fl^-1f 5 4fr5» 
tBSftfcU-lfftL B 1 t\tU^ ^^WzUWm^^tz^ 1.54 
4/im(Dl/-+flLBPttM^^f 5 5 CAM L > 5 

15 5 T^j 7 tifc TtttMiif l 2 t: AlitSo *bT, 

t)c£tlfz U — "tf 7*6 L B 2#ft7 7-f A*-J|B® 1 3 CAlfUt^, 

20 (a) 0Jt7 7^t- • A>F;H 9^'iWttl$n§l/-- t f7 l 6LB4«, 
&fi^«gP2 0^b^ft^i±i^£ft3$^ (^XftW) £*5^T£ 

* co & n § ffiftttai t fc & * s t > &>t 7 r < a - 

TO^$tlT^I) ! bOi1'5. tit, HOl^^T, U—tfftL 
B 1 <D{§7£77ftte&S'MSI$2 0 H*^Ti^W^$^i6n5^ 
25 fiCKESfttfcO, ti^^^^b^^-^^LBRcOliT'e^^fi, & 
fi f£ $ SB 2 0 ( Z & H T % & 55(1 ^ # fi /J n I d S £ [S] t & o T ^ 5 o 
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2 <0 Bib 0 8 t^>W^r H 1«^(C/\°^X7 1 cS:ai^ 

§o B8&tfH9 <0IW»#5£©fan*teffl?-**>tt, Milf 12© 

1 2 T^b U-lfftL B P (Dfrfflttjf] cEtl&^O f£tfflfflJj'£i%:M& £ 
£fl«S*LV>. :ntaot, 3t7 7<A-i««»l 3, 2 2, 2 5 T 

mf- 5 5 £I2fiLT^3^ El 1 2 Id^T 7«1M^ 1 2 

— tfftL B 2 ^77^ A*-tg*gg 1 3 CWSi^atfeJ;^ 

m 1 2 (D^^fiju^o^Tfe, m-^s^ni/--^ i i frp><Du-*fytL 

B 1 chlz-if^LBP^^Mji^T^Tfe^it^^ch^^oT, 9tV 7 < 

Ell (a) <0«tt3fc5B48«£^fcltttg«0-ttfc^*K 
BJ-t&o IS 13 12, ^J^t^M^U CKDH 1 3 H&^T, m% 

ytmi 7 i tLxit. mi (a) o^n^^^-ga^om-SE^^igu 



44 

-if 1 1 frbmm.oytmm2.-y h l 8 - 1 - 1 8 - n £T<Z)SB#tW£ 
L B 5 <7)i£g^ 193nm, 1 5 7 n m, ^^nJ^O&ft^lCT^ 

tltlll 1 6 2£$#&3tt, 

77^A-178^LT77^^>h| (&ttl&)£) ICttfcStt*. 
t'^t^A-I 7 3X^1 7 8te^ft^nmi (a) ^77<A- • 

--1f3tLB5ckO^**^*©«3t3t*W*-r5»fi«fta (0 1 (a) 

zsziy^yvuyxmfrzmf&zn, m?tmz\zmw% 1 6 2^s#ttB 

^I3t-l/>x»fcfc, SPJ^l 6 2 * 0)^:3 t-l/>X£{£ 

^iH6 3 £a«Lfc*#3fcfct8JB3fc¥* 1 6 5 £^LT, «»3tS=E 
iL/TW7XA (wafer) 1 6 6 ±.\zmmt^(D\H(D - ><0fig/Mfe£ 

«*mkw (w^.«i/4. i/5, i/6 ^) -caj^rs. fft*2tt¥* 
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«)Sfc«)JCJEWfflllf*«:ffiffl IT^K 2XA 1 6 6 (3ii7^ h Ui> 
X b7^M£ftT&D, 9IA16 6I1 0J (y'Jn>l) 
XUSO I (silicon on insulator) 3?<Z>H$£#<0&ftT&5o 
5 ^XA 16 6H ^I/Ur-y 1 6 7 ±(c:{&f#£ft, ^IA 1 6 6 

0 3&7EWfc&g«!£S&gB 1 6 9 HJ:oTli$n§^XAXf-y 1 
6 7 KJ;oTI£;t£n3o kf^Wr-y 1 6 4 tt&ib&fl! 1 

SEMI 6 9&t%lg®jt!#i 1 6 8<0®jfM£8iiJfl^ 1 7 7 dcfc o TfjjiJfP 
10 sntl^. f IT. ^IAXf-yl 6 70Xf7^ 

IMd<£oT^XA 1 6 6 £>ftfi&a&£fTofc^ bsbJpM^^^LTI/^ 
^J|/X7-vl64^bT^f^JH63 fcErJ^lPjU^SU ^7X 
A 1 6 6 ^ClAXr-y 1 6 7 LTf&$MR W £^i£<h LTifeg.. 
t§tl^Xf77-7>F' X + ^>yj^T\ ^IAl 6 6±<Z)#~>. 
15 3 v hffiWz VJ-ZIV 1 6 3 «/^->©| *ififSn5. ^©<t^C 

20 fc-HG (#J*.(M§iIlRg&l 7 2UE) icgJtLTfcfi^o 
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ftgwa&^i 2 \z^-Dxm^n^n)V7si^^m^ f me* 

^ {%7 7 AW — 1 5 - 1 ~ 1 5 - m, 1 7 - 1 ~ 1 7 - n ) \Z^-dX 

15 *«i:^^TH SHSfflft 7 7^/1-1 7 3, 

gffl^gffrU— © K'7< ^ffl^M, ^3>hn-7 

^JWkfi7;^7-y 1 6 4 ^^Wlffilflt 1 6 8 \Z£-dXX1j 
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* > 1 8 i tr^itent^^, 

9C(^bTt^o tS«17 9tlTH Ell (a) 

»2 0tPI*-C, j&>0/hg©?fcft«»»&«fflt"*. tStli 1 7 9 

10 >h^l 8 0<Z)8BWftAL<hLT&/B-fS. 

?-r*>h* 18 0H «^tl^-&^«^38^^AL^U^^;H 
15 6 3 !©77</>h^-^ RZS&BX¥%1 6 5^r®bTS2pT- 

ftfc^ (CCD) ■CS3tLT«t<Dffi**fn*ftm-r* 5 b«)T*»9, u 
^^;H 6 3(D7^-f/>h^?7^-f^>h^l 8 1 (D^-X^-f >lt 

20 ^"7 • 7 0 y^K©77l'^>Ml 8 1 te, 5 5 0 -75 

0 nmf^©eiS^f^eM (7*n-FA>M) &?XA1 6 6 
1©77< * > h7-7 ^BSltT^ -£-a>rtg&£i9!tt6*l5f§& 
7-^ftt7H hV-^ffetfcJUft^ (CCD) ±£*Sfc 

25 d 77^/>h^l80, 18 1T'^ni?p-7-^iF 
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t^Tt, - CDIjgm&tfT 7 -f * > hfcl 8 1 (Dat^JIg^fcS^^T^ 
XA1 6 61©§->37 hit©77</> h^i^lf^lCfft»n^ 0 ft 

XAW^IM^tC 1 0fMjf WfiJ^T^-7 7^ >ftffil£?T 3 J; -5 \ZbX 

feck^o {at, u5 1 ^;i/^^^^^^T'^-7s-7i' >fti>J^ff tins*, 



17 9) i|WJ-^^07t^^g'J^fflELTt)ck^L, »7t7t^l7 1~ 

25 tmz, #^wtlMgl5p n p^b^§ l/^^;^Xx-v^'7x/^7^^--> ; ^ 
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10 51:, ^BJttiB^^^if^^yXvf^ X7°Hiff0^i 
25 ffl^tfecfc^L, 7/HXSiiIgtffl^bn^l)tll^gl& 
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ii, mm£<Dfemzno u--*fWimmwfc£) <Dytmtbxm^x^ 



5 tmUt*m&Z^T^7.?(Dn9~y*m%tZ>'7°U*i/^ : f 

jmK : &w\zbmmtz>zttfxz% 0 
%zmnLfe^&mxm*<Dmj&*&K)n%zt\t®mx&z>o ztc, 

10 fttffiiiiOB^Il^iiJIi^ 1 1 - 2 5 8 1 3 2n<D±X<Dffl7F\H®te, 

*A)iz&mLxmzxmm%i\zm®L, Wiumn^^tivu^mm 
^\zhm^^%(Dmt}\zmn^\zB^^^^^mxm^mm3 
20 \zm&^mtifc&®oytziM&Lx^z>tz®, mwni/- tfft 

^as^^#bti^ 0 

tzU- J tiryt<D-$i$:l£ttbXi8L&M&'$'Z> ZtlZ^iT, i±I ?7 ft C7) fg ti H 
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wo ui/ziwys 
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II I (?) i 1 

10 5 ft 
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Mil/i OJ^TTfe St^H, 
5. §*#0i&H l fcfB«<0SftgBT&^-t\ 
15 6. »$<7)fgffl 5 tCfSmol7 , cgmT$)^T, 

7. n^isa 5 \z$m(DmK'&wc&iT, 
m&nm4t&^\zG?%ztz<&mttz>mxmWo 
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8. W#<0«Sffl 1 £iE*fcG>flfft'£il"e*oT, 

tti # b & m n * k tttw be rasa ft £ tti e^h nsBtc^-rsnts^a 

9. Hif^fSffl 8 £SEifcE>&ftgS"C&oT, 
10 $tiK:te$^£#^ 

10. m^mmsizmmomyt'&wx^-ox, 

20 11. U-^gBfre^ftft^l^ft^EU «JBl*#®/t* 
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13. H^Hll-l l ©Mn^-lt:f2f(Di^iT^oT>v 

1 5. li^coicH i~ii (DMnfr~m\z$m<Dmytmwx&'DX. 

1 6. »$09BeS 1-11 <&fatt^-^£«<Z)ff3fegfi£ffl^fcgft£ 
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$ n - -tf % £ m i a £ ^ ft n & 5 £ $ u . 

10 18. U-1fgjB*^©*^3fr^l t)^^A°^->^HB0^b> III 

MfHl/— tfg**, pJII^^T(7)^SlQHrtT¥-^^© 
15 5 1/- tf3tO«WSff SftgWS&i:, Rft&WBIW bf£££nfc l/-1f 

20 ^bWl/"1f^^/^l'X^^bTMf2^^'l'Ig^Cf*^L> ffiBEUgflft* 

1 9. im^mhi-i i (Dfttifr-mtmvmytgiWzm^T^xz 

25 /\°^->^S^±^fe¥-r^X^^^t?T : 'AWX<7)Mit^feo 



rei/jruu/uou^ 
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